. Electrons circulating in the storage ring SPEAR provided an intense flux of photons in a continuous energy range extending into the x-ray region (see Fig. 2 ). We employed a hot-pressed pyrolytic graphite monochromator to collect and focus the photon beam into a 0.45 mm2 spot. For 37 keV photons, the energy spread in the focused beam was 460 eV (full width at half maximum) and the flux was 15 x 1010 photons/sec rrm2. The fluorescence x-rays were detected with a Si(Li) or a Ge(Li) detector. Additional experimental details are given in Refs. 1 and 2.
Our original motivation for developing the above set-up was provided by reports of the possible discovery of superheavy elements in giant-halo monazite inclusions based on proton-induced x-ray emission (PIXE) studies.3 From spectra similar to that shown in Fig. 3 , we concluded1,2 that superheavy elements are not present in giant-halo inclusions at detection levels i10-50 times lower than those reported-in Ref. 3 . After completing these studies, spectra were also taken from many different samples in order to assess, in a broad and general way, the potential of synchrotron radiation for trace element analysis. These samples included NBS standards of coal, orchard leaves and bovine liver. Detailed analyses of these results will be presented elsewhere.4 A fluorescence spectrum from a O045 mm human hair sample is shown in Fig. 4 to illustrate the quality of the data. this figure that the cross sections favor x-ray excitation. This is especially important because, other things being equal, the intensity of the excitation source required to achieve a desirable minimum detection limit varies inversely as the square of these cross sections (see below).
Minimum Detectable Limit
For 95% confidence in detection the minimum de- Table I . The required beam intensities in order to achieve comparable detection limits are much lower in the case of synchrotron radiation.
Energy Deposited in the Sample
In many applications, it is extremely important that the energy dissipation in the sample should be kept to a minimum. Otherwise, volatile compounds may be evaporated; redistribution of elements may occur; and chemical bonding may be affected. Organic and biological materials are especially vulnerable to both heat and radiation damage.
An estimate of the energy deposited in thick samples by 5-40 keV monochromatic x-rays to that deposited by 20-100 keV electrons is readily obtained from the number of x-rays to the number of electrons (Nx/Ne) required to produce the same MDL (see Table I ). Moreover, for optimum results, the x-ray energy chosen would be just above the binding energy of the appropriate electron shell, whereas the electron bombarding energy would be typically three times the binding energy. It can be shown, in a straightforward manner that the energy deposited by an x-ray beam is 2 x 10-to 10-5 times smaller than that deposited by an electron beam for the same MDL. Similar considerations show that, in thick samples, a 2 MeV proton beam will deposit >100 times as much energy as an equivalent 20 keV x-ray beam.
Spatial Resolution and Available Intensities
Even though electron and proton microprobes have excellent spatial resolution, their usable intensities will be limited by the volatility of the sample. For practical purposes, we consider beam spots of 1 pm diameter. As shown in Table I , an x-ray beam of this size, but 10-4 times weaker than a charged particle beam, will yield similar MDL values. Photon intensities of 2 x 105 photons/sec in a 1 pm spot, already achievable at SSRP, will, therefore, compete favorably with an -1 nA (-6 x 109 protons/sec) beam of 3 MeV protons, also focused to a 1 pm spot. With x-ray optics designed to intercept the maximum amount of the available synchrotron radiation and to produce the minimum focus, intensities 100 times greater than those obtained in the earlier SSRP experiments are feasible. As shown in Fig. 2 , the addition of a wiggler magnet will produce a further improvement factor of 10 to 100. CHigher values in the 25 < Z < 35 region.
dPrepared standards similar in composition to the sample under study.
Concl usions
Synchrotron radiation has several advantages over other excitation sources for x-ray fluorescence analysis. Some of these are as follows: (1) The continuous photon energy spectrum from a storage ring permits selection by monochromation of photons in a narrow energy band. By choice of bombarding energy close to the absorption edge, the photoionization cross section for a particular element can be enhanced over those for lower Z elements. ( 2) The energy of the absorption edge can be correlated with the fluorescence x-rays, providing a unique Z identification. (3) Since synchrotron radiation is highly polarized, the unwanted scattered radiation (Rayleigh and Compton) reaching the detector can be greatly reduced. (4) Overheating of the sample can be avoided. Because of these and other advantages, it is our opinion that x-ray analysis employing synchrotron radiation will emerge in the near future as the method par excellence for microprobe analyses of a variety of samples.
